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(57) Abstract: A factor risk model based method for gen- 
erating risk forecasts. In one embodiment, the method in- 
cludes: selecting a set of securities; selecting a set of risk 
factors; determining the risk factor returns; constructing a 
risk factor covariance matrix; constructing an idiosyncratic 
variance matrix; determining, for each risk factor, a factor 
loading coefficient for each selected security; projecting the 
risk factor covariance matrix into a future forecast; and pro- 
jecting the idiosyncratic variance matrix into a future fore- 
cast. The factor loading coefficients, the future forecast of 
the risk factor covariance matrix, and the future forecast of 
the idiosyncratic variance matrix can be used to delemiine 
a forecast of the variance-covariance matrix for the selected 
securities. In some embodiments, the step of estimating fac- 
tor loadings includes performing a lime series regression to 
obtain the sensitivity of each stocks* return to variations in 
the factor's return. 
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A FACTOR RISK MODEL BASED SYSTEM, METHOD, AND COMPUTER 

PROGRAM 

PRODUCT FOR GENERATING RISK FORECASTS 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[001] This invention relates generally to the field of 
investment risk management and, more specifically, to a 
system, method, and computer program product for generating 
risk forecasts by predicting future volatility of single 
stocks and portfolios of stocks. 

2 . Discussion of the Backgroiind 

[002] Accurate and meaningful risk analysis is essential 
to superior investment performance. A standard definition 
of risk is the dispersion or volatility of returns for a 
single asset or a portfolio of assets, usually measured by 
standard deviation. 

[003] Standard portfolio theory, and modern analogues 
embodied in a range of value-at-risk {VaR) models, require 
estimates of volatility and covariance between stock returns 
in order to generate a risk forecast. It is well known that 
using the naive sample covariance matrix leads to unreliable 
risk forecasts simply because too many parameters have to be 
estimated from too little data. As an example, for a 
portfolio of 200 stocks> 20,100 parameters should be 
estimated in order to obtain the necessary covariance 
matrix. This is a manifestation of the so-called curse of 
dimensionality. Further, the out-of-sample forecasting 
performance of this naive estimate is hampered due to giving 
too much weight to the idiosyncratic component of risk. 

1 
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[004] The most common way to deal with this problem is 
to impose some structure on stock returns. In other words, 
it is assumed that stock returns are driven by several 
common factors. Consequently, volatility of stock returns 
5 can largely be explained by the volatility of factor 

returns. The so-constructed risk model is called a factor 
risk model, which provides a simple framework to reduce the 
curse of dimensionality and to identify sources of risk. In 
addition, a factor risk model makes it tractable to filter 
10 outliers and obtain more robust risk estimates. 

Additionally, a factor risk model makes it workable to 
achieve more accurate, forward-looking, risk forecasts. 

[005] A proper factor risk model has to address the 
following issues. First, it must be feasible to estimate. 

15 Second, it has to be intuitive to use. Third, it has to be 

parsimonious enough to avoid over- fitting and guarantee 
adequate out-of -sample perf oormance . Finally, it must reflect 
commonalities in stock returns in order to reduce noise and 
to achieve the decompositions desired in making investment 

20 decisions such as hedging, bench marking, performance 

attribution, and segmented analysis. 

SUMMARY OF THE INVENTION 

[006] The present invention provides a factor risk model 
25 based system, method, and computer program product for 

generating risk forecasts by predicting future volatility of 
single stocks and portfolios of stocks. 

[007] According to one embodiment of the invention, the 
method includes: selecting a set of securities; selecting at 
30 least two risk factors associated with investment risk in 
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the securities; determining, for each selected risk factor, 
the risk factor's return; constructing a risk factor 
covariance matrix corresponding to the selected risk 
factors; constructing an idiosyncratic variance matrix 
5 corresponding to the securities in the selected set of 

securities; determining, for each selected risk factor, a 
risk factor loading coefficient for each security in the 
set; projecting the risk factor covariance matrix into a 
future forecast, thereby producing a future forecast of the 

10 risk factor covariance matrix; and projecting the 

idiosyncratic variance matrix into a future forecast, 
thereby producing a future forecast of the idiosyncratic 
variance matrix, wherein the determined risk factor loading 
coefficients, the future forecast of the risk factor 

15 covariance matrix, and the future forecast of the 

idiosyncratic variance matrix can be used together to 
determine a forecast of the variance-covariance matrix for 
all securities in the selected set of securities. 

[008] In some preferred embodiments, the step of 
20 determining a particular risk factor loading coefficient for 

a stock includes performing a time series regression to 
obtain the sensitivity of the stock's return to variations 
in the risk factor's return. Use of this feature can (a) 
result in better risk factor exposure estimates, (b) allow 
25 inclusion of a '^market" factor, which can be a major risk 

factor in terms of explanatory^ power, (c) reduce the number 
of factors needed to explain stock price movements, and (d) 
create demonstrably better risk hedges. 

[009] Additionally, in some preferred embodiments, 
30 implied volatility in the Chicago Board Options Exchange VIX 
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option is used to adjust the risk models to capture market 
expectations of future volatility. 

[0010] The above and other features and advantages of the 
present invention, as well as the structure and operation of 
5 preferred embodiments of the present invention, are 

described in detail below with reference to the accompanying 
drawings . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] The accompanying drawings, which are incorporated 
10 herein and form part of the specification, illustrate 

various embodiments of the present invention and, together 
with the description, further serve to explain the 
principles of the invention and to enable a person skilled 
in the pertinent art to make and use the invention. In the 
15 drawings, like reference niambers indicate identical or 

functionally similar elements. Additionally, the left-most 
digit (s) of a reference number identifies the drawing in 
which the reference number first appears. 

[0012] FIG. 1 is a flow chart illustrating a process 
20 according to an embodiment of the invention. 

[0013] FIG. 2 depicts a typical balance between in-sample 
and out-of -sample simulation results. 

[0014] FIG. 3 illustrates a general purpose computer that 
can be used to, among other things, implement the process 
25 illustrated in FIG. 1. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0015] While the present invention may be embodied in 
many different forms, there is described herein in detail an 
illustrative embodiment (s) with the understanding that the. 
present disclosure is to be considered as an example of the 
principles of the invention and is not intended to limit the 
invention to the illustrated embodiment (s) . 

[0016] According to the invention, future volatility of a 
single security (such as a stock) or a portfolio of 
securities is predicted by adopting a factor risk model 
wherein the total return of a security over a period of time 
is represented as the sum of returns attributable to various 
selected risk factors representative of systemic risk of the 
market to which the security belongs (such as U.S. stocks), 
plus a return representative of a security-specific risk 
specific to that security. The "exposure" or degree of 
influence that each selected systemic risk factor has on a 
security is represented by a factor loading coefficient p. 
Factor loading coefficients for each selected risk factor 
for each selected security are obtained by fitting the 
factor risk model equation to historical return data over a 
preselected period of time. In a preferred embodiment, 
factor loading coefficients are obtained for an entire 
universe of active securities (such as, for example, all 
actively traded U.S. stocks). In addition, a factor 
covariance matrix future forecast and an idiosyncratic 
variance matrix future forecast are obtained and assembled 
in a data file(s) along with the obtained factor loading 
coefficients. Users, such as portfolio investment managers, 
are able to use the data file(s) to calculate a forecast of 
the variance-covariance matrix for all stocks in the 
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universe or a siibset of the stocks in the universe 
corresponding to the stocks included in the portfolio 
investment managers' portfolio. 

[0017] FIG. 1 is a flow chart illustrating a process 100, 
according to an embodiment of the invention, for generating 
a risk forecast. Process 100 begins at step 102. In step 
102, two or more risk factors and a stock universe are 
selected. 

[0018] Preferably, the iiniverse of selected stocks 
includes all of the relatively active securities in the 
relevant market (but this is not required) . Assuming, for 
example, that the U.S. market is the relevant market, then 
the iini verse of stocks may consist of approximately 8,000 
stocks, including stocks from the New York Stock Exchange, 
the American Stock Exchange, the NASDAQ National Market, and 
some small cap stocks ( i.e. . "over the counter''). 

[0019] Risk factor candidates, according to some 
preferred embodiments, are identified from different sources 
under alternative rationales. In selecting risk factors, 
one should aim to capture risk at different levels and 
different directions. 

[0020] The selected risk factors should be intuitive and 
interpre table in order to simplify the portfolio evaluation 
management process. Additionally, selected factors should 
make a significant contribution to the model's in-sample 
performance. However, in- sample performances of the factors 
collectively (total R^) do not reflect the model's 
performance in actual applications. This is because the main 
purpose of any risk model is to provide accurate volatility 
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forecasts. Therefore, only factors that have a persistent 
effect on the volatility can be useful in predicting the 
future volatility of the portfolio. Parsimony is a veiry 
important issue if one worries about out-of -sample 
5 performance of the model. The more factors included in the 

model, the better is the model's in-sample fit, but the more 
things can go wrong from out-of -sample perspective. Throwing 
too many factors into the ''kitchen sink" simply brings 
noise, rather than information. 

10 [0021] FIG. 2 depicts a typical balance between in- sample 

and out-of -sample simulation results. The horizontal axis 
indicates the niomber of factors and the vertical axis 
indicates the in-sample and out-of-sample performances 
(normalized for demonstration purposes) . The in-sample curve 

15 is increasing, but concave to the original point, which 

reveals "the law of diminishing returns" in te2rms of in- 
sample fitting. Economic variables are generally overlapped 
such that additional information contributed by an extra 
variable to a benchmark with a few most important variables 

20 becomes very marginal. After a certain point, additional 

variables will simply bring in more noise rather than 
information and the out-of-sample performance will start 
declining. This suggests the common modeling rule, 
parsimony. 

25 [0022] When applying statistical in-sample inference to 

select risk factors, one may wish to keep in mind that only 
out-of-sample performance really matters in the end. A risk 
model is an investment tool used by portfolio managers, who 
make investment decisions based on estimates of future 

30 returns and volatilities. 
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[0023] In a preferred einbodiment of the invention, 
different risk factors should be chosen depending on the 
securities that are being analyzed. For example, a set of 
. factors that adequately represents the systematic risk of 
5 U.S. stocks may not adequately represent other stocks, such 

as Canadian or U.K. stocks. Thus, one may select a 
different set of factors when analyzing Canadian stocks than 
when analyzing U.S. stocks. 

[0024] In one embodiment of the invention, for the U.S. 

10 market, the following factors were chosen: market, sector, 

industry, size and growth. These factors are able to 
capture different degrees of co-variation between and within 
different groups of stocks. For instance, volatilities of 
stocks in the same industry are driven not only by 

15 volatility of the market factor, but also by volatility of 

the industry-specific factor. The present invention, 
however, is not limited to this or any other specific set of 
factors. These factors are listed merely to serve as an 
example. 

20 [0025] The market factor is defined as* a return of the 

weighted portfolio of the largest stocks. The sector factor 
is defined as the weighted average returns of top stocks in 
a given sector. Similarly, the industry factor is the 
weighted average return of all stocks in a given industry, 
where ^'industry" refers to a sub-grouping of the sectors. 
Variations in sector returns are partially driven by 
volatility of the market as a whole, which has already been 
taken into account by the market factor. In order to obtain 
more meaningful and robust loadings, sector factors are 
therefore orthogonalized to the size, growth, and market 
factors; size and growth factors are orthogonalized to the 
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market factor; and industry factors are orthogonalized to 
the sector factor to which the industry belongs and to size, 
growth, and market factors. The proxies for the size and 
growth factors are traditionally measured as the returns on 
5 an investment strategy that goes long in stocks that have 

high values of the corresponding attribute (in this case - 
size or growth) and short in stocks that have low values of 
the corresponding attribute. The size and the growth 
factors explain a significant amount of stock volatility and 
10 covariances . 

[0026] Referring back to FIG. 1, in step 104, the factor 
returns (/^t) are computed using market and accoiinting data, 
where /^t is the return of factor k at time t. Market data 
includes such data as stock prices and can be obtained from 
15 many sources. Accounting data includes such data as book 

and market values, which can also be obtained from a number 
of sources. 

[0027] ■ In step 106, the ''in-sample" calculations are 
performed. That is, for example, a varicince-covariance 
20 matrix of the risk factor returns {(pt,) (also referred to as 

the risk factor covariance matrix (<|)(.) ) is constructed, an 
idiosyncratic variance matrix (Sj.) is constructed, and the 
factor loadings (Pk) for each stock in the selected universe 
are estimated, where 



25 
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and 



K 0 ... 0 




and where <Pij^t is the covariance between factors i and j at 
time t, (p^i t is the variance of factor i at time t, and ^ 
is the variance of a disturbance term c^j. associated with 
stock i at time t. 

[0028] Preferably, time series regressions are 
implemented to obtain the factor loadings (Pn,) , or 
sensitivities, of stock returns to the variations in factor 
returns. In a preferred embodiment, factor loadings for 
each stock are obtained by estimating the equation shown 
below over the last 60 periods: 

K 

where r^^ is the return of stock i at time fc, fc =1, r 
and i=I, N (T is the number of observations in the 
estimation window, and N is the size of the stock universe) . 
Risk factor returns are given by f^^. , k=l, K . 
Parameters of the model include a^, the intercept of stock 
i, and ^^^.^ the factor loading, or factor exposure to factor 
Jc of stock i. Eit is the disturbance term of stock i at time 
t and has a mean of zero, and variance c?^^. The loadings 
i^i)^) are computed from historical data and are expected to 
truly represent the underlying economic relationship between 
stocks' returns and factor returns. Implementing such time 
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series regressions results in better risk factor loading 
estimates, allows inclusion of a ^^market'' factor, a major 
risk factor in terms of explanatory power, reduces the 
number of factors needed to explain stock price movements, 
and creates demonstrably better risk hedges. Other 
advantages may also exist. 

[0029] When choosing the estimation window size T, there 
is a trade-off between estimation precision and the speed 
with which the information is updated. Larger sample sizes 
are especially useful when there are no significant changes 
in the market environment. This is a rather poor assumption 
for certain periods, and the models estimated with very 
large T do not put adequate weight on newly arrived 
information. Based on these considerations, and on the 
results of a stability analysis, 60 past time periods are 
preferably used as the estimation window (for example, a 
daily model may use the 60 most recent trading days and a 
monthly model may use the 60 most recent months) . The 
estimation window of 60 samples is for the calculation of 
individual stock loadings and the raw factor covariance 
matrix. However, it is not sufficient for obtaining robust 
generalized autoregressive conditional heteroskedasticity 
(GARCH) parameters and an estimation window of 120 santples 
has been used for GARCH estimation. 

[0030] For stocks with an insufficient number of 
observations it is preferable to use the average loadings 
across stocks in the same industry. For stocks with a 
reasonable number of observations but not full saitples, it 
is preferable to apply the weighted average of estimated 
factor loadings and the industry -average loadings. And the 
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weight on estimated factor loadings depends positively on 
the nximber of observations. 

[0031] Referring back to FIG, 1, step 108 is referred to 
as the "out-of-sample" projecting step. In this step, the 
factor covariance matrix ((t)t) and the idiosyncratic variance 
matrix (Sc) are projected into future forecasts <|)t+i and St+i, 
respectively, by using a GARCH specification to capture the 
time-varying feature of stock volatility and further by 
utilizing information in implied volatility to give the 
estimates a f oanvard-looking property. In one embodiment, 
implied volatility in the Chicago Board of Options Exchange 
(CBOE) VIX option contract is used in the out-of -sample 
projecting step. This feature captures the market's 
expectations of future volatility. 

[0032] Step 110 is referred to as the fine tuning step 
because it produces fine tuned factor loadings. More 
specifically, in one eihbodiment, the factor loading 
estimates are fine-tuned using Bayesian adjusting, which 
filters out noise numerically generated during the in-sample 
estimation process. 

[0033] In step 112, the forecast of the variance- 
covariance matrix for all stocks in the universe (Vf.^2)caxi be 
calculated according to the formula: Vt+i = B ct)t+i B' + Sc+j, 

where 



B = 



"Ai fin 



N2 



NK ^ 



and 
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y. = 



and where Vj^^^ is the covariance between stocks i and j at 
time t, and v^^., is the variance of stock i at time t. 
[0034] In step 114, data, such as the future forecast of 
the factor covariance matrix , the future forecast of 

the idiosyncratic variance matrix (St^J , the fine tuned 
factor loadings (B) , and/or the future forecast of the stock 
variance-covariance matrix (v,,J , may be stored in one or 
more computer readable electronic files. Once the data is 
stored in the one or more file(s), the file(s) can be 
downloaded and/or imported into other systems designed to 
analyze the risk of a particular stock or portfolio of 
stocks as is well known in the art. And in step 116, the 
data file(s) can be used by risk forecasting systems to 
generate a risk forecast for a stock or a portfolio of 
stocks. Such risk forecasting systems are well known to 
those skilled in the relevant art. 

[0035] FIG. 3 illustrates a general purpose computer 320 
that can be used to implement process 100. The computer 320 
includes a central processing unit (CPU) 322, which 
communicates with a set of input/output (I/O) devices 324 
over a bus 326. The I/O devices 324 may include a keyboard, 
mouse, video monitor, printer, etc. 

[0036] The CPU 322 also commimicates with a coinputer 
readable medium (e.g., conventional volatile or non-volatile 
data storage devices) 328 (hereafter "memory 328") over the 

13 
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bus 326. The interaction between a CPU 322, I/O devices 324, 
a bus 326, and a memory 328 are well known in the art. 

[0037] Memory 328 can include market and accounting data 
330, which includes data on stocks, such as stock prices, 
and data on corporations, such as book value. 

[0038] The memory 328 also stores software 338. The 
software 338 may include a number of modules 340 for 
implementing the steps of process 100. Conventional 
programming techniques may be used to implement these 
modules. Memory 328 can also store the data file(s) 
discussed above. 

[0039] While the invention has been described in detail 
above, the invention is not intended to be limited to the 
specific embodiments as described. It is evident that those 
skilled in the art may now make numerous uses and 
modifications of and departures from the specific 
embodiments described herein without departing from the 
inventive concepts. 
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What is claimed is: 

1. A method for generating risk forecasts in financial 
securities, comprising the steps of: 

selecting a set of securities; 

selecting at least two risk factors associated with 
investment risk in the securities; 

determining, for each selected risk factor, the risk 
factor's, return; 

constructing a risk factor covariance matrix 
corresponding to the selected risk factors; 

constructing an idiosyncratic variance matrix 
corresponding to the securities in the selected set of 
securities ; 

determining, for each selected risk factor, a risk 
factor loading coefficient for each security in the set by, 
at the least, perfoarming a time series regression to obtain 
the sensitivity of each security's return to variations in 
the risk factor's return; 

projecting the risk factor covariance matrix into a 
future forecast, thereby producing a future forecast of the 
risk factor covariance matrix; and 

projecting the idiosyncratic variance matrix into a 
future forecast, thereby producing a future forecast of the 
idiosyncratic variance matrix, wherein 

the determined risk factor loading coefficients, the 
future forecast of the risk factor covariance matrix, and 
the future forecast of the idiosyncratic variance matrix can 
be used together to determine a forecast of the variance- 

15 
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covariance matrix for all securities in the selected set of 
securities. 

2. The method of claim 1, wherein the step of selecting 
the set of securities comprises the step of selecting 
securities from the group of substantially all relatively 
active securities in a selected market. 

3. The method of claim 2, wherein the selected market 
is the U.S. market and the set of securities includes 
substantially all securities traded on the New York Security 
Exchange, the American Security Exchange, and the NASDAQ 
National Market. 

4. The method of claim 1, where the step of selecting 
at least two risk factors comprises the step of selecting 
the following risk factors: market, industry, sector, size 
and growth . 

5. The method of claim 1, where the step of selecting 
at least two risk factors comprises the step of selecting 
the following risk factors; market, industry, size and U.S. 
market . 
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6. The method of claim 1, wherein the step of 
determining the factor loadings comprises the step of 
estimating the equation: 

K 

7. The method of claim 1, wherein the step of 
projecting the risk factor covariance matrix into a future 
forecast comprises the step of utilizing information in 
implied volatility. 

8- The method of claim 1, wherein the step of 
projecting the risk factor covariance matrix into a future 
forecast comprises utilizing implied volatility in the 
Chicago Board of Options Exchange VIX option contract, 
thereby capturing market expectations of future volatility. 

9. The method of claim 1, wherein the step of 
determining the risk factor loading coefficients comprises 
the step of adjusting a risk factor loading estimate using 
predetermined adjustment process to reduce estimation error 

10. The method of claim 1, further comprising the step 
of determining the forecast of the variance-covariance 
matrix for all securities in the selected set of securities 
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11. A method for generating risk forecasts in financial 
securities, comprising the steps of: 

selecting a set of securities; 

selecting at least two risk factors associated with 
investment risk in the securities; 

determining, for each selected risk factor, the risk 
factor's return; 

constructing a risk factor covariance matrix 
corresponding to the selected risk factors; 

constructing an idiosyncratic variance matrix 
corresponding to the securities in the selected set of 
securities; 

determining, for each selected risk factor, a risk 
factor loading coefficient for each security in the set by, 
at the least, performing a time series regression to obtain 
the sensitivity of each security's return to variations in 
the risk factor's return; 

projecting the risk factor covariance matrix into a 
future forecast, thereby producing a future forecast of the 
risk factor covariance matrix, wherein the step of 
projecting the risk factor covariance matrix into a future 
forecast comprises utilizing information in implied 
volatility; and 

projecting the idiosyncratic variance matrix into a 
future forecast, thereby producing a future forecast of the 
idiosyncratic variance matrix, wherein 

the determined risk factor loading coefficients, the 
future forecast of the risk factor covariance matrix, and 
the future forecast of the idiosyncratic variance matrix can 
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be used together to determine a forecast of the variance- 
covariance matrix for all securities in the selected set of 
securities . 

12. The method of claim 11, wherein the step of 
projecting the risk factor covariance matrix into a future 
forecast comprises utilizing in^lied volatility in the 
Chicago Board of Options Exchange VIX option contract to 
capture market expectations of future volatility. 

13. The method of claim 11, wherein the step of 
selecting the set of securities comprises the step of 
selecting securities from the group of substantially all 
relatively active securities in a selected market. 

14. The method of claim 13, wherein the selected market 
is the U.S. market and the set of securities includes 
substantially all securities traded on the New York Security 
Exchange, the American Security Exchange, and the NASDAQ 
National Market. 

15. The method of claim 11, where the step of selecting 
at least two risk factors comprises the step of selecting 
the following risk factors: market, industry, sector, size 
and growth. 

16. The method of claim 11, where the step of selecting 
at least two risk factors comprises the step of selecting 
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the following risk factors: market, industry, size and U.S. 
market. 

17. The method of claim 11, wherein the step of 
determining a risk factor loading for each security in the 
set comprises performing a time series regression to obtain 
the sensitivity of each securities' return to variations in 
the risk factor's return. 

18. The method of claim 11, wherein the step of 
determining the factor loadings for the securities in the 
selected set of securities comprises the step of estimating 
the equation: 

K 

19. The method of claim 11, wherein the step of 
determining the risk factor loading coefficients comprises 
the step of adjusting risk factor loading estimates using a 
predetentdned adjustment process to reduce estimation error. 

20. The method of claim 11, further comprising the step 
of determining the forecast of the variance-covariance 
matrix for all securities in the selected set of securities. 
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21. A system for generating risk forecasts in financial 
securities , comprising : 

determining means for determining risk factor return 
for each risk factor in a set of selected risk factors; 

first estimating means for estimating a risk factor 
covariance matrix of the selected risk factors; 

second estimating means for estimating an idiosyncratic 
variance matrix corresponding to a set of selected 
securities; 

third estimating means for estimating, for each risk 
factor in the set of selected risk factors, a risk factor 
loading coefficient for each security in a set of selected 
securities by, at the least, performing a time series 
regression to obtain the sensitivity of each securities' 
return to variations in the risk factor's return; 

first projecting means for projecting the risk factor 
covariance matrix into a future forecast, thereby producing 
a future forecast of the risk factor covariance matrix; and 

second projecting means for projecting the 
idiosyncratic variance matrix into a future forecast, 
thereby producing a future forecast of the idiosyncratic 
variance matrix, wherein 

the estimated risk factor loading coefficients, the 
future forecast of vthe risk factor covariance matrix, and 
the future forecast of the idiosyncratic variance matrix can 
be used together to determine a forecast of the variance- 
covariance matrix for all securities in the selected set of 
securities . 
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22. The system of claim 21, wherein the set of selected 
securities is selected from the group of substantially all 
relatively active securities in a selected market. 

23. The system of claim 22, wherein the selected market 
is the U.S. market and the set of securities includes 
substantially all securities traded on the New York Security 
Exchange, the American Security Exchange, and the NASDAQ 
National Market. 

24. The system of claim 21, wherein the set of selected 
risk factors comprises the following risk factors: market, 
industry, sector, size and growth. 

25. The system of claim 21, wherein the set of selected 
risk factors comprises the following risk factors: market, 
industry, size and U.S. market. 

26. The system of claim 21, wherein the third 
estimating means comprises means for estimating the 
ecjuation : 

K 

27. The system of claim 21, wherein the first 
projecting means utilizes information in implied volatility 
in projecting the factor covariance matrix into a future 
forecast. 
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28. The system of claim 21, wherein the first 
projecting means utilizes implied volatility in the Chicago 
Board of Options Exchange VIX option contract in projecting 
the factor covariance matrix into a future forecast, thereby 
capturing market expectations of future volatility. 

29. The system of claim 21, further comprising risk 
factor loading adjusting means for adjusting the risk factor 
loading estimates using a predetermined adjustment process 
to reduce estimation error. 

30. The system of claim 21, further comprising 
determining means for determining the forecast of the 
variance-covariance matrix for all securities in the 
selected set of securities using the estimated risk factor 
loading coefficients, the future forecast of the risk factor 
covariance matrix, and the future forecast of the 
idiosyncratic variance matrix. 
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31. A system, comprising: 

determining means for determining risk factor return 
for each risk factor in a set of selected risk factors ; 

first estimating means for estimating a risk factor 
5 covariance matrix of the selected risk factors; 

second estimating means for estimating an idiosyncratic 
variance matrix corresponding to a set of selected 
securities; 

third estimating means for estimating,., for each risk 
10 factor in the set of selected risk factors, a risk factor 

loading coefficient for each security in a set of selected 
securities; 

first projecting means for projecting the risk factor 
covariance matrix into a future forecast, thereby producing 
15 a future forecast of the risk factor covariance matrix, 

wherein the first projecting means utilizes information in 
implied volatility in projecting the risk factor covariance 
matrix into a future forecast; and 

second projecting means for projecting the 
20 idiosyncratic variance matrix into a future forecast, 

thereby producing a future forecast of the idiosyncratic 
variance matrix, wherein 

the estimated risk factor loading coefficients, the 
future forecast of the risk factor covariance matrix, and 
25 the future forecast of the idiosyncratic variance matrix ccun 

be used together to determine a forecast of the variance- 
covariance matrix for all securities in. the selected set of 
securities. 
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32. The system of claim. 31, wherein the first 
projecting means utilizes implied volatility in the Chicago 
Board of Options Exchange VIX option contract in projecting 
the risk factor covariance matrix into a future forecast, 
thereby capturing market expectations of future volatility. 

33. The system of claim 31, wherein the set of selected 
securities is selected from the group of sxabstantially all 
relatively active securities in a selected market. 

34. The system of claim 33, wherein the selected market 
is the U.S. market and the set of securities includes 
substantially all securities traded on the New York Security 
Exchange, the American Security Exchange, and the NASDAQ 
National Market. 

35. The system of claim 31, wherein the set of selected 
risk factors comprises the following risk factors: market, 
industry, sector, size and growth. 

36. The system of claim 31, wherein the set of selected 
risk factors comprises the folloVing risk factors: market, 
industry, size and U.S. market. 

37. The method of claim 31, wherein the third 
estimating means estimates a risk factor loading for a 
selected risk factor and a security in the set of selected 
securities by, at the least, performing a time series 
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regression to obtain the sensitivity of the security's 
return to variations in the selected risk factor's return. 

3.8. The system of claim 36, wherein the third 
estimating means estimates a risk factor loading for a 
security in the set of selected securities by, at the least, 
estimating the equation: 

K 

39. The system of claim 31, further comprising risk 
factor loading adjusting means for adjusting the risk factor 
loading estimates using a predetermined adjustment process 
to reduce estimation error. 

40. The system of claim 31, further comprising 
determining means for determining the forecast of the 
variance-covariance matrix for all securities in the 
selected set of securities using the estimated risk factor 
loading coefficients, the future forecast of the risk factor 
covariance matrix, and the future forecast of the 
idiosyncratic variance matrix. 
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41. A corrputer program product including a computer 
readable medium having stored therein computer-executable 
instructions, the instructions comprising: 

instructions for determining a risk factor's return, 
wherein the risk factor is from a set of two or more 
selected risk factors; 

instruction for constructing a risk factor covariance 
matrix corresponding to the selected risk factors; 

instruction for constructing an idiosyncratic variance 
matrix corresponding to securities in a selected set of 
securities; 

instructions for determining, for each risk factor in 
the set of risk factors, a risk factor loading coefficient 
for each security in the set of securities by, at the least, 
performing a time series regression to obtain the 
sensitivity of each security's return to variations in the 
risk factor's return; 

instructions for projecting the risk factor covariance 
matrix into a future forecast, thereby producing a future 
forecast of the risk factor covariance matrix; and 

instructions for projecting the idiosyncratic variance 
matrix into a future forecast, thereby producing a future 
forecast of the idiosyncratic variance matrix, wherein 

the determined risk factor loading coefficients, the 
future forecast of the risk factor covariance matrix, and 
the future forecast of the idiosyncratic variance matrix can 
be used together to determine a forecast of the variance- 
covariance matrix for all securities in the selected set of 
securities. 
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42. The computer program product of claim 41, wherein 
the selected set of securities includes securities selected 
from the group of substantially all relatively active 
securities in a selected market, 

43. The computer program product of claim 42, wherein 
the selected market is the U.S. market and the set of 
securities includes substantially all securities traded on 
the New York Security Exchange, the American Security 
Exchange, and the NASDAQ National Market. 

44. The computer program product of claim 43, wherein 
the set of risk factors comprises the following risk 
factors: market, industry, sector, size and growth. 

45. The computer program product of claim 41, wherein 
the set of risk factors comprises the following risk 
factors: market, industry, size and U.S. market. 

46. The computer program product of claim 41, wherein 
the instructions for determining the risk factor loading 
coefficients comprise instructions for estimating the 
equation: 

K 

47. The computer program product of claim 41, wherein 
the instructions for projecting the factor covariance matrix 
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into a future forecast comprise instructions for utilizing 
information in implied volatility. 

48. The computer program product of claim 41, wherein 
the instructions for projecting the factor covariance matrix 
into a future forecast comprise instructions for utilizing 
implied volatility in the Chicago Board of Options Exchange 
VIX option contract, thereby capturing market expectations 
of future volatility. 

49. The computer program product of claim 41, wherein 
the instructions for determining the risk factor loading 
coefficients comprise instructions for adjusting estimated 
risk factor loading coefficients using a predetermined 
adjustment process to reduce estimation error. 

50- The computer program product of claim 41, further 
comprising instructions for determining the forecast of the 
variance-covariance matrix for all securities in the 
selected set of securities. 
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51. A computer program product including a machine 
readable medium having stored therein instructions, the 
instructions comprising: 

instructions for determining a risk factor's return, 
wherein the risk factor is from a set of two or more 
selected risk factors; 

instruction for constructing a risk factor covariance 
matrix corresponding to the selected risk factors; 

instruction for constructing an idiosyncratic variance 
matrix corresponding to securities in a selected set of 
securities; 

instructions for determining, for each risk factor in 
the set of risk factors, a risk factor loading coefficient 
for each security in the set of securities; 

instructions for projecting the risk factor covariance 
matrix into a future forecast, thereby producing a future 
forecast of the risk factor covariance matrix, wherein the 
instructions for projecting the risk factor covariance 
matrix into a future forecast comprise instructions for 
utilizing information in implied volatility in projecting 
the risk factor covariance matrix into a future forecast; 
and 

instructions for projecting the idiosyncratic variance 
matrix into a future forecast, thereby producing a- future 
forecast of the idiosyncratic variance matrix, wherein 

the determined risk factor loading coefficients, the 
future forecast of the risk factor covariance matrix, and 
the future forecast of the idiosyncratic variance matrix can 
be used together to determine a forecast of the variance- 
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covariance matrix for all securities in the selected set of 
securities . 

52. The computer program product of claim 51, wherein 
the instructions for utilizing information in implied 
volatility comprise instructions for utilizing implied 
volatility in the Chicago Board of Options Exchange VIX 
option contract in projecting the risk factor covariance 
matrix into a future forecast to capture market expectations 
of future volatility. 

53. The computer program product of claim 51, wherein 
the selected set of securities includes securities selected 
from the group of substantially all relatively active 
securities in a selected market. 

54. The computer program product of claim 53, wherein 
the selected market is the U.S. market and the set of 
securities includes substantially all securities traded on 
the New York Security Exchange, the American Security 
Exchange, and the NASDAQ National Market. 

55. The computer program product of claim 54, wherein 
the set of risk factors comprises the following risk 
factors: market, industry, sector, size and growth. 

56. The computer program product of claim 51, wherein 
the set of risk factors comprises the following risk 
factors: market, industry, size and U.S. market. 
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57. The computer program product of claim 51, wherein 
the instructions for determining the risk factor loading 
coefficient for a security and a risk factor comprise 
instructions for performing a time series regression to 
obtain the sensitivity of the security's return to 
variations in the risk factor's return. 

58. The computer program product of claim 57, wherein 
the instructions for estimating the factor loading 
coefficients comprise instructions for estimating the 
equation : 

K 

59. The computer program product of claim 51, wherein 
the instructions for determining the risk factor loading 
coefficients comprise instructions for adjusting estimated 
risk factor loading coefficients using a predetermined 
adjustment process to reduce estimation error. 

60. The computer program product of claim 51, further 
comprising instructions for determining the forecast of the 
variance-covariance matrix for all securities in the 
selected set of securities. 
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